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ABSTRACT 

We have carried out a search for late-type T dwarfs in the UKIDSS Galactic Plane 
Survey 6*^ Data Release. The search yielded two persuasive candidates, both of which 
have been confirmed as T dwarfs. The brightest, UGPS J0521+3640 has been assigned 
the spectral type T8.5 and appears to lie at a distance of 7-9 pc. The fainter of the 
two, UGPS J0652-f 0324, is classified as a T5.5 dwarf, and lies at an estimated distance 
of 28-37 pc. Warm-Spiteer observations in IRAC channels 1 and 2, taken as part of 
the GLIMPSE360 Legacy Survey, are available for UGPS J0521+3640 and we used 
these data with the near-infrared spectroscopy to estimate its properties. We find best 
fitting solar metallicity BT-Settl models for Toff = 600K and 650K and log 5 — 4.5 and 
5.0. These parameters suggest a mass of between 14 and 32 Mj„p for an age between 
1 and 5 Gyr. The proximity of this very cool T dwarf, and its location in the Galactic 
plane makes it an ideal candidate for high resolution adaptive optics imaging to search 
for cool companions. 
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1 INTRODUCTION 



The growing sample of very cool T dwarfs (e.g. 
Warren et al. 2007 : Burningham et al. 20081: Delorme et al.l 



20081: iBurningham et al.l I2OO9I: iDelorme et al.l boiot 



Goldman et alf I2OI0I : iLucas et al] I2OI0I : iMainzer et al.l 
is providing a crucial test bed for atmospheric model 
;rids that span the s tellar, substellar and pla n etary regime 
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Marley et al.l I2OO2I : ISaumon fc Marleyl I2OO8I : 
2010al ) . A number of recen t discoveries (e.g. iFolkes et al. 
20071 : lArtigau et al.l I2OI0I ) including the very co o l and 
nearby T dwarf UGPS J0722-0540 l|Lucas et al.l bOld ) 
demonstrate that despite the technical challenges associ- 
ated with identifying rare red objects in the Galactic plane, 
it is a feasible region in which to identify such targets. 
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Nearby T dwarfs in the Galactic plane offer a number of 
advantages that make them ideal for detailed study. In 
addition to their relative brightness compared to more 
distant sources, the greater likelihood of proximity to stars 
bright enough to act as natural guide stars or tip-tilt stars 
for laser guide star observations make cool brown dwarfs 
in the Galactic plane ideal for high-resolution imaging 
campaigns aimed at identifying cool subst ellar neighbours 
and dynamical ben chmark systems (e.g. iLiu et al.. ,20081 : 
IDupuv et alll2009bl lah. 

In this Letter we present the results of a new 
search of the UKIRT Infrared Deep Sky Survey (UKIDSS; 
i Lawrence et al.l 20071 ') Galactic Plane Survey (GPS; 
iLucas et al.l 2008 ) 6*'' Data Release for nearby late-type 
T dwarfs which allows for candidates in the colour range 
—0.1 < H — K < +0.1 that were excluded by the search 
reported in iLucas et al.l l|2010l l . 
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2 CANDIDATE SELECTION 

Late T dwarfs have a fairly wide spread of near infrared 
colours that includes objects with (J — H) > or (H — 
K) > 0. A quite restrictive selection ((J — H) < —0.2, 
{H -K) < -0.1) was employed to detect UGPS 0722-0540 
in order to minimise the number of false positive candi- 
dates with colours similar to nor mal stars. Inspection of the 
two colour diagrams in figure 9 of lBurningham et al.l (|201G| ) 
shows that T8.5 and T9 dwarfs typically have (H — K) « 
and (J-H) < -0.2. A query of the 6' ^ UKIDSS GPS Data 
Release at WFCAM Science Archive jHamblv et al.l 120081 ') 
showed that the number of candidates in the gpsSource cat- 
alogue is increased only modestly if the {H — K) colour 
selection is relaxed to [H — K) < +0. 1, provided that al l 
the other selection criteria employed in iLucas et all (|2010l l 
remain in place. The number of candidates requiring visual 
inspection rises much more rapidly if this colour cut is re- 
laxed further, or if the (J — H) selection is relaxed. 

We therefore searched the colour space —0.1 < {H — 
K) < +0.1, [J - H) < -0.2 for additional late T dwarfs. 
We note that this search would miss unusually red objects 
such as the T8.5 dwarfs ULAS J1302+1308, and Ross 458C 
which have {H — K) = 0.32 and 0.11 respectively. In other 
re spects the search w as identical to that carried described 
m iLucas et all (|2010l ). to which the reader is referred for an 
explanation of the logic behind the selection criteria. 

This selection yielded 12 candidates. Two of these, 
UGPS J0521+3640 and UGPS J0652-H0324, passed visual 
inspection of the FITS images and have no optical co un- 
terpart in either the IPHAS survey (jPrew et al.l l2005l ) or 
the POSS USNO-Bl.O archive. These two were therefore se- 
lected for spectroscopic observation. An additional search 
was run that removed the requirement for the coordinate 
shifts between the three passbands to be smaller than 0.3" 
and included all sources with H — K < 0.1 mag that sat- 
isfy the other criteria above. This search produced only 3 
additional candidates, all of which were identified as image 
defects upon inspection of the FITS images. 



3 OBSERVATIONS 

The near-infrared discovery images of UGPS J0521+3640 
were obtained on 25*'' October 2007, whilst 
UGPS J0652-f0324 was observed on 29*'' October 2007. 
Follow-up imaging to measure proper motions was obtained 
use the Near Infrared Camera Spectrometer (NICS) on the 
National Telescope Galileo (TNG) on La Palma during the 
nights of 8*'' February and 28"* January 2011 respectively. 
The data were processed using the standard NICS pipelinqj. 
Additional WFCAM (Casali et al. 2007) imaging for both 
targets was obtained on 21"' November 2010 and further 
images were obtained for UGPS J0521-h3640 on 2"'^, 18*'' 
and 19"" February 2011. The WFCAM data wer e processed 
using the standard pipeline (|lrwin et al.l 1200^ ). The x,y 
coordinates of the targets in all frames were converted to 
the standard coordinate system of the discovery frames 
using a simple linear model. The relative proper motion 
for all objects were found from linear fits to the standard 



coordinates at the different epochs. We were unable to 
determine a self-consistent motion for UGPS J0652+0324 
from the 3 epochs of data available. A correction to an 
absolute system was estimated from the median difference 
between measured relative proper mo tions and published 
values of PPMXL (|Roeser et al.ll2010l ') objects in the field. 
The derived proper motion for UGPS J0521+3640 was 
corrected for an assumed parallax of 125mas. The UKIDSS 
coordinates and proper moti ons are given in Ta ble [T] The 
Simbad and SuperCOSMOS (|Hamblv et al.ll200ll ') databases 
were searched for targets to which UGPS J0521-I-3640 may 
be a common proper motion companion, but no viable 
candidates were identified. 

Warm-Spitzer IRAC [3.6] and [4.5] imaging of the re- 
gion around UGPS J052H-3640 was obtained as part of 
the GLIMPSE360 legacy progranj^. The [3.6] data were ob- 
tained on 31"* October 2009, with AORkey 32886784; the 
[4.5] data on 30"" October 2009, with AORkey 32912896. 
The frame time in both cases was 12s. The post-basic- 
calibrated-data (pbcd) mosaics generated by version 18.18.0 
of the Spitzer pipeline were used to obtain aperture photom- 
etry. The photometry was derived using a 3.6"-radius aper- 
ture, and the aperture correction was taken from the IRAC 
handbool^. UGPS J0521-I-3640 is currently close enough to 
a bright star (36" North-NorthWest) that care had to be 
taken with subtraction of the sky background. The choice 
of sky background was investigated and found to lead to an 
uncertainty of the same size as that indicated by the noise 
statistics in the pbcd uncertainty image. The error quoted in 
Table[2]is the result of adding these random errors in quadra- 
ture to the 3% error that accounts for systematic effects due 
to calibration uncertainties and pipeline dependencies. 

Near-infrared spectroscopy of UGPS J0521-I-3640 and 
UGPS J0652-I-0324 was obtaine d using the Gemini Near In- 
fraRed Spectrograph (GNIRS; .Elias et al. 2006) mounted 
on the Gemini-North telescope. UGPS J0521+3640 was ob- 
served on the night of 30*'' December 2010 with a total in- 
tegration time of 24 minutes. UGPS J0652-|~0324 was ob- 
served on the night of 26*'' December 2010 with a total in- 
tegration time of 40 minutes. The targets were observed in 
cross-dispersed mode capturing the full 0.8-2.5iJ.m region 
with a 0.68" slit delivering a resolving power of R~ 1200. 
The data were r educed using GNIRS rou tines in the Gemini 
IRAF package (|Cooke fc Rodger^ '20051. using a nearby F 
star in each case for telluric correction. The telluric stan- 
dard spectrum was divided by a blackbody spectrum of an 
appropriate Tofi after removing hydrogen lines by interpo- 
lating the local continuum. The rectified standard spectrum 
was then used to correct for telluric absorption and to pro- 
vide relative fiux calibration. The overlap regions between 
the orders in the Y,J and H bands agreed well suggesting 
that the relative flux of the orders is well calibrated. The 
resulting YJHK spectra are shown in Figure [T] 



^ http: / / www.tng.iac.es/news/2002 /09 /10/snap / 



^ |http : / / www, astro .wise .edu/sirtf/glim pse360/| 

^ http: / / ssc.spitzer.caltech.edu/irac/dh/ 
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Epoch Equinox fJ-a cos S I mas yr"-*^ /i^ / mas yr"-' 



UGPS J0521+3640 05:21:27.27 +36:40:48.6 
UGPS J0652+0324 06:52:27.71 +03:24:31.0 



2007.82 J2000 

2007.83 J2000 



513 ± 10 



-1507 + 10 



Table 1. UKIDSS discovery coordinates for the targets and the proper motions for UGPS J0521+3640. 



Object 



JuKlDSS 



UKIDSS 



UKIDSS 



[3.6] 



[4.5] 



J -H 



H - K 



H-[i.S\ 



UGPS J0521+3640 
UGPS J0652+0324 



16.94 + 0.02 
17.24 + 0.02 



17.28 + 0.04 
17.50 + 0.04 



17.32 + 0.09 
17.52 + 0.09 



15.30 + 0.06 13.36 + 0.03 



-0.34 + 0.04 
-0.26 + 0.04 



-0.04 + 0.1 
-0.02 + 0.1 



3.92 + 0.05 



Table 2. Summary of photometry for UGPS J0521+3640 and UGPS J0652+0324. 



4 ANALYSIS 

4.1 Spectral types 

We have classified the two T dwar f s pres ented here follow- 
ing the scheme of iBurgasser et aL (|2006|). w i th th e exten- 
sion to T9 as discussed in iBurningharn et al.l (l2008h . Spec- 
tral typing index ratios for the targets presented here are 
given in Table [S] In Figure [T] we compare our targets to 
appropriate spectral type templates. Both the spectral typ- 
ing index ratios and the template comparison suggests a 
type of T5.5 ±0.5 for UGPS J0652+0324. The spectrum 
of UGPS J0521+3640 appears to be intermediate between 
the T8 and T9 spectral type templates 2MASS J0415-09 
and ULAS J1335+1130. Its Wj index li es towards the up- 
per en d of the range defined for T9 in iBurningham et ahl 
and is most similar to the value found for the T8.5 
dwarf Wolf 940B, whilst its II2O-II index has a value to- 
wards the lower range of the T8 brack e t. The other indices 
that were defined by IBurgasser" et all (|2006l 1 are degener- 
ate for types T8 an d T9. The NH3-H index, defined by 
iDelorme et al.l (|2008l ) , does not easily map onto the T dwarf 
classification s ystem for earlier t ypos since it is degenerate 
for types ^T8 (|Burningham et "al..,2008 V However, its value 
for UGPS J0521+3640 (0.597 ± 0.003) is intermediate be- 
tween the values found for T7-T8 dwarfs and those typically 
seen for T9 dwarfs, suggesting that a later-than T8 classifi- 
cation is justified. Based on these considerations we assign 
a spectral type of T8.5 ±0.5 for UGPS J0521+3640. 

Applying t he sp ectral type vs Mj relations of 
iMarocco et al.l l|2010l ). we thus estimate distances of 
8.21{'q pc and 32^4 pc for these objects. The uncertainties 
on these distances are derived fr om the uncertainties i n the 
polynomial coefficients quoted bv lMarocco et al.l(|20ld ). We 
have not included the uncertainty due to our ±0.5 subtype 
spectral typing precision. For the coolest dwarfs, the spectral 
type - Mj relation is sufficiently steep that a half subtype 
uncertainty can have a large effect on the inferred distance. 
In the case of UGPS J0521+3640 we find that a T8-T9 
range in spectral type corresponds to distance bracket of 
5.9 - 11.4 pc. 



4.2 Properties of UGPS J0521+3640 

In Figure [2] we show the near-infrared colour versus spec- 
tral type plots and a H - A' / ii"-[4.5] for T7-T10 dwarfs, 
placing UGPS J0521+3640 in context within the wider sam- 
ple. Both H — K and J ~ K colours (the latter often dis- 
cussed in terms of the J/K ratio) have been suggested as 
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Figure 2. Colour versus spectral type plots for T7-T10 dwarfs 
with MKO photometry, along with a H — K / iT— [4.5] colour- 
colour plot show n in the bottom right p anel. Synthetic colours for 
solar metallicity ISaumon et "aD l|2006l . [20o3) are shown as solid 
lines with crosses indicating lOOK intervals. The lower left line 
corresponds to logg = 4.0, the middle line logg = 4.5 and the 
upper right line logg = 5.0. . UGPS J0521+3640 is shown with 
an asterisk. 



useful metallicity and gravity diagnostics. Poor agreement 
between the model atmospheres and observations of the flux 
ratio between the K band a nd the J and H bands (e.g. 
IBurningham et al]l2009l . 1201 ll ) preclude their use for making 
absolute estimates for gravity or metallicity, but they allow 
useful relative comparisons between objects. The location of 
UGPS J0521+3640 on the plots in Figure [2] suggests that its 
metallicity and gravity are within the range of values seen 
for other T8-T9 dwarfs. 

We have estimated the properties of UGPS J0521+3640 
by comparison wit h the latest BT Settl model grid 
(|Allard et al.llioiObI ') for solar metallicity and a reasonable 
TbS and gravity range (based on experience of objects of 
similar spectral type). We have used the same method as 
described i n Burningham e t al ( 2011), which is an adapta- 
tion of the ICushing et al.l l|2008h method for fitting model 
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Figure 1. GNIRS spectra for the T dwarfs presented here compared to T dwarf spectral type templates taken from [Burgasser et al.l 
||2006| ') and iBurnineham et all ||2008|) . 



Object 


H2O-J 


CH4-J 


Wj 


H2O-H 


NH3-H 


CH4-H 


CH4-K 


U0521 


0.028 ± 0.001 


0.147 ±0.001 


0.269 ±0.001 


0.151 ± 0.002 


0.597 ±0.003 


0.103 ±0.001 


0.036 ± 0.002 




5:T8 


>T8 


T9 


T8 


>T8 


;sT8 


^ T7 


U0652 


0.199 ± 0.002 


0.361 ±0.001 


0.491 ±0.002 


0.325 ± 0.003 


0.671 ±0.001 


0.362 ±0.002 


0.182 ±0.002 




T5 


T5/6 


<T7 


T5/6 


<T8 


T5/6 


T5/6 



Table 3. S pectral typing index ratios for UGPS J0521+3640 and UGP S J0652+0324 a s defin ed bv lBurgasser et al.l l|2006h and extended 
to T8+ by iBurning - ham et al.l l l2008t) . The Wj ratio was defined by IWarren et"all ||2007| ). whilst the NH3-H ratio was defined by 
iDelorme et al.l ll2008h . 



spectra that incorporates flux information from photometric 
data points (e.g our uiarm-Spitzer photometry). The lack of 
a known parallax for our target means that we can only con- 
sider the case of the freely scaled model spectra, and cannot 
use the bolometric luminosity to better constrain the prop- 
erties. Prior to fltting the models the target spectrum was 
placed on an absolute flux scale using the J band photome- 
try. Scaling by the noisier Y , H and K photometry provided 
consistent results. 

We flnd that the goodness of flt statistic, G, is min- 
imised for the cases where T^s = 600K and logg = 4.5 
and Teff = 650K and logg = 5.0. These values for Tcs are 
broadly consistent with the location of UGPS J0521+3640 
on the H — K / //— [4.5] plot shown in Figure[2j although, as 
has been noted previously, the models predict colours that 
are too blue in H — K. These properties correspond to a 
mass of 14 - 32 Mjup, and a radius of approximately 1.0 
- 0.8 Rjup for ages of 1-5 Gyr on the COND evolutionary 
model grid l|Baraffe et al.|[2003l ). although an age of 10 Gyr 
and a mass of 35 Mj^p would be implied by a moderately 
higher surface gravity that is not resolved by our model grid. 
These best flts are found for scaling factors that correspond 
to distance to radius ratios of d/R = 8.00 and 9.78 pc/Rjup 
respectively. These are consistent with the photometric dis- 
tances determined in Section 14.11 , with implied distances 
of 8 pc and 7.8 pc for the inferred radii of each case. This 
suggests that the distance derived for the T8.5 classiflcation 



in Section 14.11 without the inclusion of the ±0.5 subtype 
uncertainty, of 8.21j q pc is a reasonable best-estimate for 
the distance to UGPS J0521+3640. 

At this distance, the proper motion of 
UGPS J0521+3640 (fic, cos s = 513 mas yT-\ 
fig ~ —1507 mas yr~^) corresponds to a tangential 
velocity, Vtan = 60 kms~^. This is at t he upper en d of th e 
distribution for T dwarfs reported by IVrba et al.l l|2004h . 
implying that this source is unlikely to be very young 
(e.g. < IGyr), and supporting our estimated age range of 
1-5 Gyr. 



5 SUMMARY 

We have searched the 6**^ data release of the UKIDSS 
GPS for late type T dwarfs and have identified two 
such objects with types T5.5 and T8.5. The T8.5 dwarf, 
UGPS J0521+3640, appears to lie at distance of less than 
10 pc, and as such is an ideal candidate for high resolution 
imaging searches for cool companions and detailed char- 
acterisation. We have used archival weLrm-Spitzer observa- 
tions and the latest BT Settl model grid to estimate that 
UGPS J0521+3640 is cooler than 700K, with best fitting 
models at T^s = 600 and 650K. 
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